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<+ Super-Kamiokande

SUPERKAMIOKANDE st ur | 107 (0080 fey MEFAMH ™ of Tusy o

m Giant water Cherenkov detector
> Total mass: 50,000 tons
> Fiducial mass: 22,500 tons

> Location: 1,000 m underground
> Inner detector: 11,146 PMTs (50-cm¢ )
> Outer detector: 1,885 PMTs (20-cm¢ )

m Operation since April 1996



< Super-K data

B Atmospheric-neutrino data

> Updated at the Dec-99
Collaboration Meeting

>Exposure: 61 kton=yr
or 992 days

>Next update: June-00

B Solar-neutrino data

>No update since June-99

®Now every 6-month update does
not give much qualitative
improvement of the data

>Exposure: 825 days
>Next update: June-00
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m(log-likelihood difference for e
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mValidity of the method confirmed
by the KEK beam test

mSystematic error to the double
ratio R due to miss ID

m3% for multi-GeV
m2% for sub-GeV



Electron LINAC
= for calibration
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lBeam enrgy: 5 _ 16 MeV Ti window: 100 i\um thick
mCalibration for

mAbsolute energy scale: < 1%

BmEnergy resolution

mVertex position resolution

mAngular resolution



Energy calibration
= With LINAC
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16N calibration with
= DT generator

Cross check the absolute energy scale
established by LINAC

Isotropic and different systematic uncertainty
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=% 16N energy calibration
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+ East-west effect

Azimuthal angle distribution
R T B AT
car Ser — Honda
=t e-like | *f u-like
O 22 x @2 = %0 w2 » mE =
¢ ¢
Eo lr;/ asymmetry as a function of lepton momentum . .
Josp ok = Primary cosmic rays
Sort - have positive charge
X o -E ------
%01 m So, cutoff energy
S differs for arrival
0s 12 to” 10° from East or West
%Ej m This causes
$.00 azimuthal anisotropy
z01E
2ozt m The obesrved results
B I — confirm the validity
Lepton Momentum (MeV/c)

of Monte Carlo



Sub-GeV, Multi-GeV
= Event Summary

Sub-GeV event Summary

Evis < 1.33GeV
P> 100MeV/c
Pu > 200MeVie

DATA  MC{Honda) MC(Bartol
R 433 52192 50950
oike 2185 20818  2049.1
wike 2178 31374 3M59
R 1144 13500 13372
R 493 6524 6510
TOTAL 6000 72307 70832

(/&) para_ 0.020
_(uﬁj)lﬁcm' 0661 + 0_0.‘2 1 0052 (Honda)

5.
= 0671 + 0B + 0083 (Baro)
) *0%2

Multi-GeV event Summary

(1) FC (rvis>1.33Ge¥)

DATA  MC{Honds) MC{Barto)
R 913 1203 11393

eike 492 4813 4992
p-like 421 640.0 640.1

R 368 4908 502.4
2R 659 783.0 817.5
TOTAL 1940 2395.1 2459.2

AP Dan  Moponds) HoBare)
TOTAL 563 8189 864.2

Al events are assumed o be y-ike.
'FrﬂﬁdeCvl.v,mthC”iﬂrMbhﬂ?m.
(Ve)pura
T
Wohe . oam0 + 188 . o7 oot
FC+PC - b
= 0864 £ g0 +0079 (Barol)
@ o
= 064 + 208 40004 (Honda)
FCOW stat 3.
= 0867 + %8 +0098 (Bartl

sit .




FC+PC
= Zenith-angle distributions

Super-Kamiokande 990days(FC,PC) Preliminary
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Resullt of oscillation analysis (FC+P ()

® Assuming|v,, <> v, oscillation

U ERTEpyEa

Best fit :
X min = 45.3 /67 d.o.f
at (sin®20,am?) = (1.01 , 2.6x10° eV?)
(Including unphysical region)

X° min = 45.4 / 67 d.o.f

at (sin20,am?) = (1.00 , 2.6x10™ eV?)
(Physical region)

® Assuming|null oscillation

X% = in=191.0/69d.o.f



Allowed region for
= [C + PC

V'_1 -V,

‘r\ 1 :I LB LA [rrr1 LN S B [T rrrjrrrrprrr1 LA B B r:
> - ]
ﬂ - .
~— .

o~ B -
£ - l
< i 1

-1
10 =
-2
10 =
| C
-3
10 =2
i — 68%C.L. |
i —90%C.L. i
— 99%C.L. 1
10 -4 - I V. l . | | l L1 1 | | 11 1 1 J L1 1] | VI l Ll |

0 o1 02 03 04 05 06 07 08 09 1
sin%20



= Upward-going muons

Super-Kamiokande 990days(FC,PC) + 1050days(upward-muon) Preliminary

- 15 Upward-stop muon 4 Upward-through going muon
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Result of oscillation analysis (FC+PC+upmu)

@ Assuming v, © v loscillation  w—

Best fit :
X i =61.1/82d.0f
at (sin’20,Am?) = (1.00 , 2.8x10 eV?)
(Including unphysical region)

@ Assumingifull oscillation

X = in = 232.5/ 84 d.o f



Allowed region for
% FC + PC + up-going n

Allowed region
(FC, PC, up-going )

vue—Vvt 90% C.L.
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Comparison of
= allowed regions

Allowed regions
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=+ 3 flavor oscillation

»Lepton mixing matrix:
[id
(012"13 s 512013 5 013 )
U= '312‘323"’12323513?35 C12€237812573515€ 5 52313

ks12s23-c12023sl3e =C125737815C»355€ °23°13J

>P(Vy—V,)=8,5-4%, U, UpUs, Uy, sin*(AmiL/4p)
B B j P B

. 2 2 2. — Wy

» Assuming m; >> my,m; :
Am 2=Am,2=Am?* , Am.2=0 — -
137237 ’ 127 '

P(vg—V,,) = 4U 4"IUg, I sin*(Am’L/4p),
P(v,—V,) = 1-4IU_,I*(1-IU_,*)sin°(AmL/4p)

2 .2 2 20 . 2
(IU,I"=sin"0 ; , IUH3I =c0s"0,,8in"0,,)

=P can be described only by
(sin2913 : sin2623 : Amz).



3 flavor analysis for

% FC + PC




< Bounds for sin? 29,
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Strategy to discriminate

= between v —v_& v, —v,
T S et RS

v does not interact with matter

> If v,—v.: observe NC events as expected
> If v,—v¢: NC events reduced

Matter effect

> v,—Vv.: no matter effect

> v, —Vg: oscillation strongly suppressed
for hlgh energy neutrinos by matter
effect
e For 103¢|Am2|<102 eV2
+ Matter effect negligible in the sub-GeV region
<+ Strong matter effect for E,> 5 ~ 10 GeV
Look at up/down of NC-enriched FC events

Look at single n0 events; but large cross
section uncertainty

Look at up/down of high-energy PC events

Look at vertical/horizontal of upward
throughgoing muons

E_.. ~100 GeV




% V; Sensitive Samples

¢t F7 T4 ] NCenriched (29%)
s b HTT : FC Multi-ring
E”"M L"'.'1'!' Max E ring=e-like
S S P Evis>400MeV
“h % o~ 7y Small matter effect
g“’__ up_ dwn{ HE PC
2 {  (En>5GeV)
’Ezué— P S +‘+I-E \
"EI t : Large Matter effect

A0
zenith angle (cos0)

Upward throughgoing 1

“ u—-) K
A up horizoriali VH Vs
] LI 1 Am’=3x107eV’

-1 zenith angle (cos0) 0 sin’26=1



Vv, VS v,
=% Combined Analysis

excluded region from combined analysis(multi+PC+upy)

2
NAO
>
2
VoV, 5 allowed(FC single ring)
1073 -—90% C.L.
..... 99% C.L
207
S excluded(multi+PC+upp)
N& 190% C.L.
Vu—>vs 5 . M 99% C.L.
(Am*>0) .
2
10
c S
a 0 \Q
vov, § \\(Q
" ; 10”3 ) Q‘%
(Am’<0) |

v,—V,oscillation is disfavored
at (almost) 99% C.L.



+ Single @

n° summary (Preliminary)
live time 991.6 days

Selection criteria for n° : -

* 2 rings

* both e-like _
* No j. - e decay o i
*85MeV/c’<M, <185MeV/c? i

|
|

w/o B.G. sub

observed # of event : 323

expected # of event : 323.4

0
_(’E‘,’"Aue 0.96 + 0.06 + 0.01 + 0.22
(1t Ie)MC data stat. MC stat. sys.
B.G. sub

observed # of event : 275.7

expected # of event : 257.7

0
(™ 7€)oata_ 1.02+ 0.06+ 0.02+ 0.24

(Tcole)“c data stat. MC stat. sys.



+ dingle m°

n° MC sample Summary

Charged Current Ve 464 ’'9.7'%
v, 170 ’3.6'%
Neutral Current A 1908 40.0%
coherent 975 20.5%

multi & 930 19.5%

others 318 ’'6.7%

TOTAL 4765 100.0%

systematic error of /e ratio

cross section 20 %
reconstruction tool 7%
nuclear interaction 7%
flux 3%

23 %

TOTAL

mv, — v, not favored, but not conclusive



Atmospheric neutrino
= summary

\

m All the SK atmospheric neutrino
data (FC, PC, upward-going 1) are
consistent with the V=V,
oscillation.

90% CL allowed region:
2x103 < Am2< 5x103 eV?2
sin?20 > 0.88

= v,—V, hypothesis is disfavored at
about 99% CL by using NC
enriched sample and matter effect.



=% 8B solar-neutrino flux

May 31, 1996 ~ April 3, 1999

ot
w

5 )
g SK LE 824.7day 6.5-20MeV 22.5kt ALL
Sozs|  (Preliminary)
5
z
0.2t .
Best fit

Non-flat BG --

0.15

0.1

0.05

11235412

-1 0.5 0 0.5 1

cosfg,,

5B flux : 2.45 £ 0.04 £ 0.07 [x 10% /cm?/sec]

Data _ +0.008 +
Ssvepog)~ = 0475 007 (stat.)£0.013(syst.)



Day & night flux
= (ifferenc

( Day 403.2days \
2.37+0.05(stat.)+ g;g:

(syst.) [ x 106 cm2s]

Data 0.011

0.6
$
04
| All | Day |Night
03—+ '

(N+D)/2

m2c effect now.

SSM =0.461=0.010 (stat.)

+087 (syst)
Night 421.5days
2.51+ 908 (stat.)+0.07
(syst.) [ X 106cm2s1]

o212 _ .48+ S0l (stat.)

\ + 0.014

0.013 (Syst.) )

=0.065 £ 0.031(stat.) £ 0.013(syst.)

mShould be watched how this will
change with statistics.



Solutions in the
=+ oscillation scenario

104 ——————7 77T
i Vacuum E
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104 Superk 625 days
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e et
e, SRS
i———
v anl

Rales + Speatrum + Day-Nighi ]
SyperX 620 daye
Bahcall -Pinsonneaud 1998
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=i n%(20) sin(20)

J.N. Bahcall



Survival probabilities for
== various solutions

8g 1

10




Survival probabilities for
= various solutions




<+ Day & night fluxes

o 17
e [ —— (7.9X107,7.9X10™) SSMX 1.42
= 09¢f
% SRR (1.0,1.9X107%) SSMX0.78 ;
© i For some part of SMA, day-night
0O 0.7k difference enhanced by the earth’s .
g core. ]
0.6 F Parametric resonance: Petcov \ 3
05F L S SP :
& — &+ $ ¥
0.4F .
0.3 :
0.2F ]
- SK 825day 6.5-20MeV 22.5kton
0.1 (Preliminary) .
of

Day  Ni N2 N3 N4 N5



Recoil electron

= spectrum (Data/SSM)

@© 1 T T T ¥
§ ' : SK SLE 524day + LE 825day 22.5kt ALL
= 0.9 + 5.5-20MeV (Preliminary)
w " (] ]
% i § stat. error —>
g 0.8 | $ [t esyst?
0.7 SLE <77 LE

051 .a.. iy et * | B
S S SE TS

04 ¢
03¢ ;
1Sin29 = 5X 107 Am? = 5X 10™ (MSW, SMA) ;
02t - 1Sin?29 = 0.8, Am? = 3.2X10™  (MSW, _MA) & ]
----------- 1Sin28 = 0.79, Am® = 4.3X 107" (justso, best fit}h
o1  iHep free ;
0 ! : : 1 L 1 : ]
5 7.5 10 12.5 15
Energy(MeV)

m Data enhanced at the high energy end
> Statistics?

> Energy scale systematics?

e Explained If energy scale is wrong by 3.6% and
resolution by 20% — unlikely

> hep flux larger than SSM?



=% hep flux free analysis

)

log(am® (eV*)
A

D

— 99% CL excluded
— 95% CL excluded

- alaaaal | T T | e T L. Laass
0 01 02 0.3 0.4 05 06 0.7 0.8 08, 1
sin’20



<+ Global analysis

()

| distance from the minimum
L 95,99% C.L.

e

-

bglam® (eV¥)

4 -35 -3 25 -2 15 1 -D5, D
bogt

o2 F e
-104
-108 F

-108
-11 .dlhrl::efrm'l the minimum
[95,99% C.L.

-11 2 LGlobal Fit, Gay Gt (S Ty 9/n Rpectrud, .,

D D1 D2 03 D4 DS D6 D7 D8 2._93 1




Prospect to lower

= threshold

m Low energy (LE) trigger
=29 PMT hits / 200nsec (10Hz)
e Super-Low energy (SLE) trigger

=24 PMT hits / 200nsec (120Hz)

¢ New Super-Low energy trigger (since
Sep ‘99 )

=20 PMT hits / 200nsec (550Hz)

Trigger efficiency of Super-Kamiokande

{ > 6.5Mev
LE analysis

May ‘96~)

-—5~5MeV—— ----------
SLE anaIySIs (May ‘97 ~)
5.0MeV |
New SI:E“é'halysis
(in near future-)

® LE tiggar
i O SLE igger(3s0mv)
08 A aﬂmﬂ

' SLE tngger
— .7MeV@50§ o)1

—

("_) 7ME.V.@50CVO)




Solar neutrino signal

= at lower energies

Events/day/bin

4.5-5.0 MeV \
4.5-5.0 MeV |
| + 14 !
bt T g T T
5.0-5.5MeV ;
5.0-5.5 MeV \ &

! + +++
- Ny ++ PG s I C N PINSE e oy

5.5-6.0MeV \”?

5.5-6.0 MeV

......................................

0
-1 08 06 -04 02 0 02 04 06 08 1



Solar neutrino
= summary

m 3B solar neutrino flux

> ~50% of the SSM prediction

> Day-night flux difference:

( 20 effect now

A Re Recoil electron spectrum:

* Enhanced at high energy end?
- > hep-free analysis

| Disfavors vacuum solution?

>m Not conclusive yet

= Need to keep watching and wait
for SNO:

» ve scattering: CC + NC

» Combined with SNO’s CC result,
possibility to distinguish solutions




) Super Kamiokande

KEK



+ K2K

K2K Experiment

@ Accelerator: 12 GeV proton synchrotron
beam intensity: 6 X 10'? protons/pulse
repetition: 1 pulse /2.2 sec
pulse width: 1 Usec

@ Horn-focussed wide-band beam
Average neutrino energy: 1.4GeV

@ Front (near) detector: 300m from the target

@ Far detector (Super-Kamiokande):
250 km from the target

@ Goal: 10%° protons on target

- ' ) Frontﬂet_egt\: , VV
g '\’~ e e u-monitor
e ; e T
- ey

" North pesss’

) e COUNLEF 7 il vy, P
. ' 4 statidh

- o ’ ¥ s =y ,

P
7 Decav
section

(ﬂ "J.' L




= Near Detector

SCIFI/Water
target

Lead
Muon Chamber G‘“\‘ \

—\F |

N L

| Fine Grained Detector |

Purpose
1. vV, absolute flux
2.V, directrion(profile)
3. V. contamination

Fine Grained Detector (FGD)
Multi track > study neutrino interaction

1kton water Cherenkov

Study systematics of water Cherenkov
NC 70 cross section



<+ Beam in JFY99

g | ! ! !

% N N N B

©

' SK Live POT: 7.2x1018

210 p A

§ //" B ¥

=

~ O

206 SR SRR S s - |

g 4 p—um""{ |

§ oft———pt g

02. 0 ‘ : 1 l

> - = P z

1999 2000

» Design Proton Int. 6x10'2 almost
achieved.
> ~2x10"9POT delivered in FY ‘99

> 7.2x10'8POT(by Nov ‘99) used in
analysis



Measured neutrino
= profile at 300m

Fe events (Nov. DATA vs. MC-250kA)
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+ 15t FC event

The first event in the 22.5 kton fiducial

volume of Super-Kamiokande observed
on June 19, 1999

Super-Kamiokande

Run 7436 Event 1405412
99-06-19:18:42:4

Inner: 516 hits, 1018 g

outer: 2 hits, 2 pE{in-time)

Outer

KZK beam direction
marked by diamond

FIRST K2K EVENT
in SUPER-K

500 1000 1500 2000

Times (ns)



+ SK event category

\\ [~ -
b | Y <
TS Tt g
P B v
/’ 1 ; I T i |
! L Rk
/ -l =
Vertex in rock Vertex in OD Vertex in ID

— Fully contained

®\Vertex inside fid. vol.
®\ertex outside fid. vol.

— (0D contained

— 0D crossing



<+ Event time

-------

T spill

&
-

0<Thir = T — T,y — TOF < lusec

T Spills TSK: Abs. time of spill start, SK event measured with GPS

TOF: Time of flight of neutrino from KEK to Kamioka
GPS: Global Positioning System

FC sample observed in June & November,1999

< 6} 6 events
E 5 (3in fid.vol.)
4
3
2_
1_
oLl

-400 -200 0 200 400 ps
Toiy (Osec)



Expected number of
= egvents at SK

N ( exnected#N& R

R: Calculated Event Ratio
(Far-to-Near Ratio)
jFSK (Ev) O-(Ev) dEV Ntffget
= o

- [Fux B,)0E,)dE, N,

R

* Full knowledge of v flux (ratio) is
required.

Target = water —common cross section

v, Flux ratio (Ev>1GeV) and its
systematic uncertainty is independently
calculated by m-monitor data. They
agree.
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Pion monitor
= Fit to the data

Pion Monitor Fitting
2 30 ¢ 2 E
§ i * § 30 - g \
20 - kA +
S LI SHE g
] 10 & _ j"_f s R 10 £ ¥ s 4 ," .
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Far/near ratio
= Pjon monitor vs MC

x10° Ratio of far to near flux
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=+ SK events summary

April - November, 1999

Nsk= Nikton ®* R * € sk

leton rate
R: Calculated event ratio

*FC (Fully Contained) events

Expectation

2_ 2_ 2_
Data F\lo S £ 4
oscillation 3 x10 5x107° 7x107°

FC 12.3 +1.7
in fiducial 3 -1.9 8.0 5.4 4.6
out of 55 +1.1
fiducial 3 -1.2 3.5 2.4 2.1
*OD (Outer Detector) events
Data No Am*= Am*= Am*=
oscillation| 54 193 5x10°2 7x10°
oD ‘
Crossing 2| 4.2 £1.6 3.2 2.0 1.3
oD |

Contained 4| 8.7 +3.3 5.5 3.5 2.9




Expected SK events
= at 1020 POT

e

172 interactions in 22.5ktons
88 1 candidates
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== Expected Allowed Region

1020 POT ~ 5 years

-1 VoV, oscillation allowed reglon (MC)
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<+ K2K summary

m April - November, 1999

> 1.2x1018 protons on target

> 6 FC events at SK (3 events
have vertex inside the fiducial
volume)

Background < 103

> In addition, 6 OD events were
observed

Backgroud < a few %

m We can accumulate 2x10'° pot
per year

m -5 years for 1020 pot



LBL v oscilation
= experiment at JHF

hitp://neutrino.kek.jp/jhfnu
http://www-jhf.kek.ip

Letter of Intent:
A Long Baseline Neutrino Oscillation Experiment
using the JHF 50 GeV Proton-Synchrotron
and the Super-Kamiokande Detector

February 3, 2000

—V1.0—

JHF Neutrino Working Group

Y. ltow!, Y. Obayashi, Y. Totsuka
Inmtitate Jor Coumie Ry Reaerch, Uniwrxity of Tokyo, Tanmhi, Tokyo 1888802, Japan

Y. Hayato, H. Ishino, T. Kobayash?, K. Nakamura, M. Saknda
Inst. of Particle and Nucher Studier, High Energy Acouursior Revexrch Org. (KEK),
Twlkuha, Thacaki 305-0801, Japsn

T. Hara
Depactmant of Phywios, Kobu University, Kobe, Hyogo 857-8801, Jupun

T. Nakaya®, K. Nishikawa*
Depsrtmant of Physics, Kyoto Univemity, Kyoto 606-8802, Jepen

T. Hasegawa, K. Ishihara, A. Suzuki
Department of Physies, Tohakn University, Sundsi, Miyag, $40-8578, Jupan

!Super Kamioksnde Comtact Person: itowOmkedto.icrr.u-tokyoac jp
*Near Dedector Contact Person: nakayaOecphys kyoto-n.ac.ip
4Organizer: nishikawOnentrino. kek jp



<+ Menu

® Precision measurement of osc.
Parameters.

® High intensity 50 GeV proton

machine enables experiments with
NBB w/ less syst.

» lyear of WBB-> pin points
Am?(*=2x104eV?)

» ~S5years of NBB
B d(sin220,;)~0.01
B sin°20,,~0.015

> Existence of v, can be tested.



= Conclusions

m Super-Kamiokande:

> Updated atmospheric neutrino
and solar neutrino data will be
presented at Neutrino 2000.

m K2K:
» Data up to March 2000 run will
be presented at Neutrino 2000.

> Additional data from May —

June 2000 run will be presented
at ICHEP 2000.



